Background: Feline vector-borne diseases (FVBD) have emerged in recent years, showing a wider geographic distribution and increased global prevalence. In addition to their veterinary importance, domestic cats play a central role in the transmission cycles of some FVBD agents by acting as reservoirs and sentinels, a circumstance that requires a One Health approach. The aim of the present work was to molecularly detect feline vector-borne bacteria and protozoa with veterinary and zoonotic importance, and to assess associated risk factors in cats from southern Portugal. Methods: Six hundred and forty-nine cats (320 domestic and 329 stray), from veterinary medical centres and animal shelters in southern Portugal, were studied. Anaplasma spp./Ehrlichia spp., Babesia spp., Bartonella spp., Borrelia burgdorferi sensu lato, Hepatozoon spp. and Leishmania spp. infections were evaluated by polymerase chain reaction (PCR) in blood samples.
Background
Vector-borne diseases comprise a group of globally distributed and rapidly spreading illnesses that are caused by a range of pathogens transmitted by arthropods, including ticks, fleas, mosquitoes and phlebotomine sand flies [1] [2] [3] . In addition to their veterinary importance, cats and dogs play a central role in the transmission cycles of some agents of vector borne diseases (e.g. anaplasmosis, bartonellosis, borreliosis and leishmaniosis) by acting as reservoirs, amplifying hosts or sentinels, with such circumstances requiring a One Health approach [4, 5] .
Feline vector borne diseases (FVBD) have emerged in recent years, showing a wider geographic distribution and increased global prevalence. Environmental, demographic and human behavioral factors (e.g. travelling with pets, changes in social and leisure activities), together with the direct impact of climate changes on the abundance, geographical distribution and vectorial capacity of vector arthropods have contributed to the changing epidemiology of these arthropod-borne diseases [2, 6] .
The detection of FVBD agents can be challenging as some of them occur in healthy cats, and the clinical signs, whenever present, are normally unspecific of those diseases. PCR-based methods applied to vector-borne pathogens are very effective to detect and characterize infecting organisms, for monitoring cure after chemotherapy and to evaluate the role that subclinically-infected cats can play in the transmission of infections [7] .
A recent polymerase chain reaction (PCR) study reported positivity to Anaplasma/Ehrlichia, Babesia, Hepatozoon, Leishmania and Rickettsia in client-owned cats from the north and centre regions of Portugal [8] . Molecular and serological studies on Leishmania infantum [9, 10] , Anaplasma phagocytophilum, Bartonella spp. and Rickettsia conorii [11] have been performed in domestic and stray cats from southern Portugal. Nevertheless, information about FVBD agents circulating countrywide is still limited, especially in the south, and therefore the aim of the present study was to assess the presence of bacteria and protozoa with veterinary and zoonotic importance in cats from southern of Portugal, and to assess positivityassociated risk factors.
Methods

Cats and samples
From January 2012 to August 2013, a total of 649 cats (320 domestic and 329 stray), from veterinary medical centres and animal shelters in southern Portugal, were studied. Cats were from the districts of Lisbon (n = 282) and Setúbal (n = 104), in the region of Lisbon, and from the district of Faro (n = 263), which overlaps the region of the Algarve. In the Lisbon region most of the domestic cats lived in apartments or in semi-detached houses, while cats from the Algarve region lived in rural areas and used to spend most of their time exclusively outdoors.
Out of the stray cats, 294 were collected to be neutered for birth-rate control or to be housed in a shelter for adoption, and 35 were captured and euthanized in the scope of official animal control programs. Domestic cats were randomly included after obtaining the owners informed consent. In the case of stray cats, written consent for enrolment was also obtained from the person in charge of each shelter.
Whole blood samples were collected by cephalic or jugular venipuncture and spotted onto filter paper (Whatman no. 3) for DNA extraction. Samples were dried at room temperature and kept at 4°C until tested. Whenever available, data on gender, breed, living conditions, age, use of acaricides/insecticides, clinical status (presence or absence of clinical signs compatible with a FVBD), and serological status regarding feline immunodeficiency virus (FIV) and feline leukaemia virus (FeLV) infections were registered for each cat (Table 1) . Clinical signs compatible with FVBD comprised anorexia, muscular atrophy, dermatological manifestations, exercise intolerance, fever, gastrointestinal alterations, lameness, lymphadenopathy, muscular lethargy, ocular manifestations, pale mucous membranes or weight loss.
This study was ethically approved by the boards of the Institute of Hygiene and Tropical Medicine (IHMT-UNL) and of the Faculty of Veterinary Medicine (ULHT) as complying with the Portuguese legislation for the protection of animals (Law 92/1995).
PCR amplification and sequencing
A commercial kit (Kit Citogene®, Citomed) was used to extract DNA from blood on filter paper. Four discs of filter paper (4 mm in diameter each) were incubated with lysis buffer (150 μl) and 1.5 μl of proteinase K (20 mg/ml). Further DNA extraction followed the kit manufacturer's instructions.
Positivity to Anaplasma spp./Ehrlichia spp., Babesia spp., Bartonella spp., B. burgdorferi s.l., Hepatozoon spp. and Leishmania spp. DNA in blood samples was tested by PCR according to previously described protocols ( Table 2) . PCR amplifications were performed in a 25 μl final volume containing 2 mM MgCl 2 , 1 unit of Taq DNA polymerase (GoTaq DNA Polymerase®, Promega), 10 pmol of each primer (15 pmol in the case of L. infantum), 0.2 μM each of dATP, dTTP, dCTP and dGTP (Dntps set®, Bionline, Citomed), and 3 μl of DNA template (5 to 200 ng). In all amplifications a positive control containing genomic target DNA and a negative control without DNA were included. PCR products were visualized under UV illumination after electrophoresis migration on a 1.5% gel agarose stained with 0.2 mg/ml ethidium bromide, using a 100 bp DNA ladder as a marker.
Twenty per cent of the PCR products (30% in the case of Bartonella spp.) were purified with a High Pure PCR Product Purification Kit (Roche® Mannheim) according to the manufacturer's instructions and directly sequenced (one direction) (Stabvida®), using the same primers as those used for the DNA amplification. Species identity of the obtained sequences was determined according to the closest BLAST match (identity ≥97%) to a GenBank accession and deposited in DNA Data Bank of Japan (DDBJ) (http://www.DDBJ.nig.ac.jp).
Statistical analysis
Percentages of positivity to FVBD agents relative to the independent variables and categories ( 
Results
One hundred and ninety-four (29.9%) cats were PCRpositive to at least one of the tested genera or complex of FVBD agents (Table 2) . Sixty-four (9.9%) cats were positive to Leishmania spp., 56 (8.6%) to Hepatozoon spp., 43 (6.6%) to Babesia spp., 35 (5.4%) to Anaplasma spp./ Ehrlichia spp., 19 (2.9%) to Bartonella spp. and 14 (2.2%) to B. burgdorferi s.l. Thirty-three (5.1%) cats were positive to two (n = 29) or three (n = 4) genera/complex ( Table 3) .
As shown in Table 1 , the non-use of acaricides/insecticides and living in rural areas were associated with Babesia spp. and Hepatozoon spp.. Furthermore, the prevalence of Babesia spp. and Anaplasma spp/Ehrlichia spp. was statistically higher in domestic and stray cats, respectively. Cats from exotic breeds (including their crosses) had higher positivity to Babesia spp. than domestic shorthaired cats. Prevalence of Hepatozoon spp. was higher in cats with access to outdoors and in cats older than 60 months (5 years). Leishmania spp. was more prevalent in cats aged 12-59 months and in cats aged 60-228 months than in cats younger than 12 months, in cats living in rural habitats and in those protected against ectoparasites. Positivity to Babesia spp., to Hepatozoon spp. and to Leishmania spp. was higher in cats living in the Algarve region. Statistically significant differences were also found for PCR positivity to at least one of the studied agents in cats living in the Algarve region, in cats from rural areas, in cats with access to outdoors and in cats without protection against ectoparasites. 
Discussion
The present study represents the first survey on FVBD agents performed in cats from southern Portugal. The overall prevalence of Leishmania spp. infection in the present study (9.9%) was higher than the one obtained in domestic cats from the north and centre of the country (0.3%) [8] , but lower than the prevalence obtained in domestic (20.3%) and stray (30.4%) cats from Lisbon [9, 10] , suggesting that the rate of Leishmania infection might be dynamic over time, depending on the abundance and distribution of proven vector species in conjunction with the number of infected vertebrate hosts. The significant differences of Leishmania spp. prevalence between juvenile and adult or old cats corroborated the results obtained in cats from the north of the country [19] and match the situation previously found in a national serosurvey of Leishmania canine infection [20] . Seropositivity to L. infantum was significantly higher in dogs and cats older than 2 years of age [19, 20] , which may probably be explained by a cumulative exposure of older animals to the protozoan parasite. The increased contact with the vectors might also be the reason for a significantly higher prevalence of Leishmania infection in the surveyed cats living in a rural environment [20] .
L. infantum has been reported in cats co-infected with immunosuppressive viruses [21] . However, in this study only one cat was co-infected with FIV, corroborating other studies where no association was observed between the presence of Leishmania and of FeLV or FIV infections [10] .
The use of topical insecticides on dogs has been shown to be effective in reducing the incidence of canine and human visceral infections. However, in the present work cats treated with acaricides/insecticides presented a higher prevalence of positivity to Leishmania. Although the compliance of ectoparasiticide application was not evaluated, this result is not entirely surprising because, even if owners had regularly administered insecticides/acaricides, the only repellents effective against sand flies, the pyrethroids, are toxic to cats. A trend to consider cats as a domestic reservoir of L. infantum exists, as infection in domestic and stray cats has been increasingly reported in endemic areas [22] . The potential role of cats in zoonotic leishmaniosis, together with the inexistence of suitable repellents that can be used on cats against sand flies, is a critical issue that should be addressed to prevent feline Leishmania infection [22] . The detection of Hepatozoon spp. and H. felis in cats from southern Portugal reported in the present study, together with the sequenced genetic variants of H. felis from cats living in the north and centre [8] suggest that the protozoan is widespread throughout the country. The vectors and route of infection of H. felis remain unknown [23] , although it was recently amplified from Rhipicephalus sanguineus collected from cats and dogs living in the centre and south of Portugal [24] .
Sporadic cases of Babesia canis and the Babesia microti-like piroplasm (syn. Theileria annae) infections were reported in three immunocompromised domestic cats from Portugal [25, 26] . The overall prevalence of Babesia infection (6.9%) obtained in the present study was similar to the 9.1% obtained by Vilhena et al. [8] , corroborating that piroplasmid infections in cats are frequent and that B. vogeli is probably the most common species circulating in felines in Portugal. Cats from the Algarve region, those living in rural habitats or not treated with acaricides/insecticides had a significantly higher prevalence of Babesia spp. infection in comparison with cats living in the Lisbon region or in urban areas or chemically protected against ectoparasites, probably due to a higher exposition of the former to the vectors. Differences in the genetic/immune background could be the reason why exotic breeds (including their crosses) presented a higher predisposition of positivity to piroplasms. As the clinical importance of infection with most Babesia species in cats remains unknown, as well as the vectors responsible for their transmission [26] , further studies are needed to understand the epidemiological relevance of piroplasm infection in the feline population.
Several pathogens belonging to the genera Anaplasma and Ehrlichia are shared by man and companion animals [1] , and there is serological and molecular evidence that cats can be infected with species of these intracellular bacteria [7, 21, 27] . In fact, antibodies to A. phagocytophilum and E. canis and DNA of Anaplasma/Ehrlichia were previously detected in cats from Portugal [8, 11, 28] . Nonetheless, and to the best of our knowledge, this is the first time in the country that E. canis has been molecularly confirmed to infect cats.
The prevalence of positivity to Anaplasma/Ehrlichia in this work (5.4%) was higher than the 1.0% obtained in Spain [27] and than the 0.6% obtained in cats from the centre and north of Portugal [8] . These differences can be related to the targeted population, as only clientowned cats were evaluated in the two above-mentioned studies. In fact, the prevalence of Anaplasma/Ehrlichia infection was significantly higher in stray cats in the present study. On the other hand, the seroprevalence of Ehrlichia infection in stray cats from the Madrid region was lower than in owned cats [21] , thus highlighting that other factors favoring vector-host interactions, such as vector density and geographic distribution, and host immunological status, might play a role in the prevalence of feline ehrlichiosis. Interestingly, our results in combination with those from Vilhena et al. [8] seem to follow the trend of significantly higher prevalences of antibodies to Anaplasma spp. and E. canis in dogs from southern Portugal than in dogs from the northern and central regions of the country [3] .
Subclinical infection with B. clarridgeiae or B. henselae, agents of the cat scratch disease, is frequently reported in cats, which are therefore regarded as a major reservoir for human infection [27, 29, 30] . Recognised risk factors for bacteraemia in cats are young age (<12 months), infestation with fleas, an outdoor lifestyle and a multicat environment [11, 29, 30] . Data obtained in the present study corroborates these findings, as most of the cats PCRpositive to Bartonella spp. were stray cats and/or with access to outdoors and were not protected against ectoparasites. We report the first molecular evidence of B. clarridgeiae infection in cats from Portugal. So far, B. clarridgeiae had only been previously detected in Ctenocephalides felis fleas from Lisbon and Évora districts [11] . The prevalence of Bartonella spp. obtained in the present study (2.9%) was higher than the prevalence (0.3%) described in cats from Madrid, Spain [21] , but considerably lower than the one previously reported in cats from Portugal (67.6%) [11] . Prevalence of B. henselae (0.3%) was also much lower than the ones previously obtained in Portugal (8.1%) [11] and in Barcelona, Spain (17.5%) [27] , while prevalence of B. clarridgiae infection (0.6%) was similar to a study conducted in Barcelona (1.0%) [7] . Differences in prevalence could be due to climatic and environmental differences among study areas, which result in more frequent flea infestation or a higher level of Bartonella spp. infection among both cats and fleas [21, 27] .
Borreliosis (or Lyme disease) due to the spirochete B. burgdorferi continues to receive intense attention in the milieu of companion animals. Domestic cats are exposed to B. burgdorferi, with reported seroprevalence rates of 47-71% in cats from endemic areas of the northeastern USA [31] . Regarding Europe, and to the best of our knowledge, only Shaw et al. [32] reported B. burgdorferi s.l. infection by PCR, in two clinically suspected cats from the United Kingdom. In the present work, B. burgdorferi s.l. DNA was amplified from 2.2% of the screened cats, providing the first molecular evidence of naturally occurring B. burgdorferi s. l. infection in cats from Portugal. Nevertheless, the situation of Borrelia infection transmission and clinical signs in cats remains a subject for further investigation in Portugal.
The contact with arthropod-borne pathogens varies with the season and depends on the activity and abundance of competent vectors. For instance, feline seropositivities to A. phagocytophilum and E. canis antigens were shown to be higher during autumn, and in May and November, respectively [27] . As most of the blood samples analysed in the present work were collected from October to May, the effect of the different seasons in the prevalence of infection by the different pathogens was not evaluated. A rural habitat, an outdoor housing or access to outdoors, and the non-use of ectoparasiticides were found to be associated with PCR-positivity to one or more genera/complex of FVBD agents, which is related to a higher exposure of cats to arthropod vectors and the agents they might transmit. As documented for dogs, certain organisms (e.g. B. vogeli, E. canis, H. canis and L. infantum) might be associated with long-term subclinical infections [1] and, in spite of remaining apparently healthy for months or even years, infected cats might serve as reservoirs to other hosts including humans.
Co-infections with different canine vector-borne pathogens are frequent in dogs living in geographic areas where the presence of competent vectors for the different pathogens overlap [1] . In previous entomological surveys made in the south of Portugal, L. infantum was amplified in phlebotomine sand flies [33] , Bartonella was molecularly detected in C. felis [11] , while R. sanguineus specimens were found to harbour Anaplasma/Ehrlichia, Babesia, Borrelia or Hepatozoon DNA [24] . Thus, the detection in the present study of 33 cats co-infected with two or three agents/complex of FVBD is not surprising. Nevertheless, it is important to keep in mind that the occurrence of different combinations of vector-borne pathogens, with a possible dysregulation of the immune system, may lead to a severe and non-characteristic clinical outcome which will further complicate the diagnosis, treatment and prognosis.
Conclusion
In conclusion, the wide spectrum of FVBD agents identified in southern Portugal, some of them of zoonotic concern, reinforces the importance to alert the veterinary community, owners and public health authorities for the risk of transmission of vector-borne pathogens. Therefore, effective prophylactic measures, such as the use of ectoparasiticides against arthropods, and education and awareness, must be put in place, in order to prevent infection and avoid the dissemination of these pathogens among cats and to other vertebrate hosts including human beings.
